Objectives: To investigate the occurrence of differential adherence to components of combination antiretroviral therapy and assess its predictors and association with virological failure and antiretroviral medication resistance.
Introduction
Antiretroviral medication adherence is an important predictor of virological, immunological, and clinical outcomes in the treatment of HIV-infected individuals [1] [2] [3] [4] . Adherence to antiretroviral therapy (ART) has generally been reported as either the level of adherence to a single component of a multidrug regimen or as the average level of adherence to the multiple components [2, 3, 5] . When prescribed as individual dosage forms, however, adherence to individual components of combination ART may differ. This can lead to periods of single or dual agent exposure. Mono and dual-therapy are known to be associated with earlier regimen failure and the more rapid emergence of antiretroviral resistance [6] [7] [8] .
Differential antiretroviral medication adherence has not been well studied. One study found that 15% of patients in a public HIV clinic had differential adherence, as assessed using pharmacy refill data [9] . In that study, differential adherence (selective drug taking) was independently associated with a more rapid progression to AIDS and death. The association of differential adherence with virological failure and the development of antiretroviral medication resistance has not been investigated. This study was conducted to assess the frequency of differential adherence, its predictors, and its impact on treatment outcomes including virological failure and the development of antiretroviral medication resistance in previously antiretroviral-naive participants enrolled in the Terry Beirn Community Programs for Clinical Research on AIDS (CPCRA) Flexible Initial Retrovirus Suppressive Therapies (FIRST, CPCRA 058) trial [10] .
Methods

Participants
The CPCRA is a National Institutes of Health-sponsored clinical trials group that conducts community-based HIV/AIDS research targeting underserved populations. The CPCRA FIRST study was a randomized clinical trial assessing different initial treatment strategies for antiretroviral-naive HIV-infected adults [10] . From 1999 to 2002 participants were randomly allocated (1 : 1 : 1) to one of three initial strategies: the protease inhibitor (PI) strategy [PI(s) þ nucleoside analogues]; the non-nucleoside reverse transcriptase inhibitor strategy (a NNRTI þ nucleoside analogues); or the three-class strategy [PI(s) þ a NNRTI þ nucleoside analogue(s)]. The majority of participants receiving PI received nonboosted regimens [10] .
Whereas the antiretroviral strategy was randomized, clinicians could choose individual drugs within the assigned strategy or those drugs may have been randomly assigned for participants who agreed to enroll in classspecific substudies [11] . FIRST was a trial comparing strategies of ART, not three specific regimens, and therefore medications were not generally supplied by the study. For a small subset of participants (13.5%) coenrolled in a nucleoside reverse transcriptase inhibitor (NRTI) substudy, some NRTI were provided for some time during the study, but in general participants used their usual pharmacy for all prescription medications. All participants in FIRST who had at least one follow-up self-reported adherence assessment at any timepoint during the study were included in this report. Written informed consent was obtained from all participants in order to participate in the FIRST trial.
Data collection and definitions
Participant demographics were obtained at study entry. At baseline, months 1 and 4, and then every 4 months thereafter; data obtained included the following: ART regimen, CD4 lymphocyte count, HIV-1-RNA level, and self-reported ART adherence (except at baseline). Genotypic antiretroviral resistance testing was performed at the time of initial virological failure, defined as an HIV-1-RNA level greater than 1000 copies/ml at or after 4 months of follow-up. Resistance was defined as definite drug resistance by genotype (Trugene HIV-1 Genotyping Kit; Bayer HealthCare Ag, Leverkusen, Germany, and CPCRA interpretive algorithm v4.0). Disease progression events were defined as the occurrence of a confirmed or probable AIDS-defining event (excluding CD4 lymphocyte count criteria) according to modified US Centers for Disease Control criteria [12] . Each participating site reported deaths and AIDS-defining illnesses as soon as this information was available.
In FIRST, adherence was assessed using the 7-day CPCRA adherence self-report form, a global recall asking participants to estimate their level of adherence during the previous week to each individual antiretroviral medication [13] . Participants were asked to complete the statement 'During the last 7 days I took' with one of the following choices: 'all my pills every day, most of my pills, about one-half of my pills, very few of my pills or none of my pills'. The five levels of this Likert scale were assigned adherence scores of 100, 80, 50, 20 and 0%, respectively, based on earlier research [4] . Overall adherence was calculated at each visit as the average adherence score for all components of the regimen. Fixed-dose combination formulations were included in adherence calculations once. An individual not on ART was assigned an adherence score of zero for that visit. An adherence report form was considered missing if a protocol-required visit was missed or if a visit was attended but the adherence form was not submitted. Missing forms were not assigned an adherence value. For each participant, we calculated cumulative adherence at each visit as the average of all overall adherence scores up to that time.
At each study visit, differential adherence was defined as any difference in self-reported adherence to individual antiretroviral regimen components. For example, if an individual on an antiretroviral regimen of three separate medications reported taking 'all my pills every day' for two medications and 'most of my pills' for the third, that participant was defined as having differential adherence at that visit. On the other hand, a participant taking three separate antiretroviral medications who reported taking 'most of my pills' for all three medications would not be classified as having differential adherence at that visit.
Statistical analysis
Characteristics at baseline for participants with or without differential adherence at least once during follow-up were evaluated using basic descriptive statistics. Continuous variables are presented as medians with the interquartile range, and categorical variables are presented as proportions. A multivariate logistic regression model with baseline covariates was used to determine predictors of differential adherence.
Cox proportional hazards regression models were used to assess the effect of differential adherence, as a timeupdated covariate, on the event of interest. Differential adherence was a dichotomous variable that switched 'on' at the first report of differential adherence and stayed 'on' for the rest of follow-up. Events considered in this report were time to initial virological failure, time to initial virological failure with antiretroviral resistance, time to progression of HIV disease to AIDS or death, and time to a drop in the CD4 lymphocyte count to less than 200 cells/ml (in participants starting with 200 CD4 lymphocytes/ml). Results are reported for the overall cohort and by randomized treatment strategy (intent-totreat). All Cox models were adjusted for baseline variables (age, ethnicity, CD4 lymphocyte count, HIV-RNA level) and time-updated covariates (cumulative adherence score and binary variables for ART status and the presence of differential adherence).
The effect of repeated reporting of differential adherence over time (referred to as a 'dose effect') was studied by repeating the analyses of time to initial virological failure and time to initial virological failure with antiretroviral resistance using indicators for three time-updated categories of differential adherence: differential adherence only once, differential adherence more than once, and no differential adherence (the reference group). Forty-two participants (3%) had only one adherence assessment and were thus not eligible for the 'differential adherence more than once' category but were included in this analysis.
Statistical analyses were performed using SAS (version 8.2; SAS Institute Inc., Cary, North Carolina, USA).
Hazard ratios (HR) are presented with 95% confidence intervals (CI). All P values cited are two sided.
Results
The results of the FIRST study have already been reported; the three strategy arms were well balanced in terms of demographic and other baseline characteristics [10] . Of the 1397 participants randomly assigned in FIRST, 1379 (99%) with at least one adherence assessment during follow-up were included in this analysis. Overall, 85% of the expected adherence self-report forms were completed; there were no differences in completion rates among the three strategies.
During a median follow-up period of 60 months, differential adherence was reported at least once by 403 participants (29%; Fig. 1 ). It was more commonly reported by participants randomly assigned to the threeclass strategy (35%) than the NNRTI (28%) or PI (25%) strategies (P ¼ 0.005; Table 1 ). Not all participants were on their originally randomly assigned treatment strategy at the time that differential adherence was first reported. In the three-class, NNRTI and PI strategies, 61, 78 and 76% of participants were on their initial strategy at the time differential adherence was first reported.
Overall, 134 individuals reported differential adherence on more than one occasion (Table 1 and Fig. 1 ). This represented 10% of the overall population, and 33% of those individuals reporting differential adherence at any point during the study. By randomized strategy, reporting differential adherence on more than one occasion was more common in participants randomly assigned to the NNRTI (12%) and three-class (11%) strategies than the PI strategy (6%; P ¼ 0.007). The maximum number of reported once; & reported more than once. NNRTI, Non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor. times that differential adherence was reported was 13 times (72% of follow-up visits for that individual) by a participant randomly assigned to the NNRTI strategy.
Characteristics at baseline for participants who reported differential adherence at least once during follow-up and for those who never reported differential adherence are presented in Table 2 . The median age of the overall population was 38 years; 17% were Latino; 54% were black; 21% were women; 61% were men reporting a history of sex with other men; 15% reported a history of injection drug use; and 38% reported an AIDS diagnosis before study enrollment. The median baseline CD4 lymphocyte count was 163 cells/ml and the median baseline HIV-RNA level was 5.1 log 10 copies/ml. In multivariate logistic regression models, no baseline demographic or disease-specific factors were significant predictors of differential adherence during follow-up (data not shown).
Of the 403 individuals with differential adherence, 146 (36%) reported it before initial virological failure and 71 (18%) had antiretroviral resistance detected at the time of initial virological failure. A summary of the multivariate Cox proportional hazards regression analyses is presented in Table 3 . For the overall cohort, differential adherence before initial virological failure was associated with an increased risk of initial virological failure compared with those with no differential adherence (HR 1.33, 95% CI 1.10-1.60). Similarly, participants reporting differential adherence before initial virological failure had an increased risk of initial virological failure with antiretroviral resistance (HR 1.34, 95% CI 1.03-1.75) compared with those without differential adherence. By randomized strategy, differential adherence significantly increased the risk of initial virological failure (HR 1.63, 95% CI 1.22-2.19) and initial virological failure with antiretroviral resistance (HR 1.75, 95% CI 1.16-2.64) in the three-class strategy but not in the PI or NNRTI strategies.
Other factors significantly associated with time to initial virological failure in the multivariate model for the overall cohort included mean cumulative adherence (HR 1.24 per 10% decrease), age (HR 0.82, per 10-year increase), black race (HR 1.79 compared with white or other individuals), baseline CD4 lymphocyte count (HR 0.95 per 100 cell increase), baseline log 10 HIV-RNA (HR 1.37 per log 10 increase), and not being on antiretroviral medications (HR 3.56 compared with those on 78 AIDS 2008, Vol 22 No 1 Limited to 862 of the 1379 participants with virological failure. antiretroviral medications; Table 3 ). These same factors, except for not being on antiretroviral medications, were significantly associated with time to initial virological failure with antiretroviral resistance ( Table 3 ).
The overall cohort was used to explore a potential 'dose effect' for differential adherence using Cox regression models adjusted for the same baseline and time-updated covariates as in Table 3 . Compared with participants not reporting any differential adherence, those reporting differential adherence only once before initial virological failure had a significantly increased risk of initial virological failure (HR 1.28, 95% CI 1.04-1.57), whereas those reporting differential adherence more than once had an even greater risk (HR 1.54, 95% CI 1.08-2.20; Fig. 2) . Similarly, compared with participants without differential adherence, those who reported differential adherence only once had an increased risk of initial virological failure with antiretroviral resistance (HR 1.22, 95% CI 0.91-1.64), although this finding was not statistically significant. Participants who reported differential adherence more than once had twice the risk of initial virological failure with resistance compared with those without differential adherence (HR 1.93, 95% CI 1.19-3.15).
In adjusted Cox regression models, differential adherence was not associated with the composite endpoint of progression of HIV disease to AIDS or death (HR 1.17, 95% CI 0.86-1.58). Similarly, differential adherence was not associated with the time to first CD4 lymphocyte count of less than 200 cells/ml among the 618 participants with baseline CD4 lymphocyte counts of 200 cells/ml or greater (HR 0.98, 95% CI 0.60-1.60).
Discussion
Differential adherence was commonly reported in this randomized clinical trial of alternative initial ART strategies; 29% of participants self-reported differential adherence on at least one occasion. Neither demographic nor baseline clinical data were predictive of differential adherence. Although differential adherence was common in each randomized strategy, participants randomly assigned to the three-class strategy were more likely to report this behavior. Self-reported differential adherence was independently associated with an increased risk of initial virological failure and initial virological failure with antiretroviral resistance after adjusting for cumulative adherence and other potential confounders. An association between differential adherence and clinical or immunological outcomes was not evident.
In clinical practice, it is not uncommon for individuals to report different levels of adherence to antiretroviral regimen components. Whereas adherence to ART has been extensively studied, the pattern of differential adherence has not been thoroughly evaluated. Two small studies suggested that different levels of adherence to regimen components was uncommon [14, 15] . A third study using pharmacy refill adherence data found that 15% of unselected patients in a clinic cohort exhibited differential adherence during a median follow-up of 2.5 years, and that differential adherence during an initial antiretroviral regimen increased the risk of adverse clinical outcomes [9] .
The current study expands the differential adherence literature in several ways. First, it confirms that differential adherence is common. This has previously been shown in an unselected clinic population and now in a broad population of US clinical trial participants, two distinct populations [9] . Second, despite uncertainty in the best way to assess differential adherence, self-reported adherence appears to be an effective measurement tool. Self-reported adherence assessments, like the CPCRA 7day recall used in this study, are widely available and inexpensive to implement in clinical and research settings. Furthermore, they can assess adherence to all components of a regimen, which has generally not been the case in studies using microelectronic monitoring systems. Third, our study validates the clinical relevance of differential adherence by showing its relationship to the biologically plausible outcomes of virological failure and virological failure with antiretroviral resistance. The lack of an association between differential adherence and clinical outcomes in a treatment-naive population may reflect the prolonged time between virological failure and the occurrence of HIV disease progression events that is expected in this group [16] .
A common theme in the antiretroviral adherence literature has been to analyse baseline factors that might predict non-adherence to ART [17] [18] [19] . In this report we have taken an initial look at potential predictors of differential adherence to ART. No demographic or baseline disease-specific factors appear to be associated with future report of differential adherence. Notably, we did not have information regarding active substance abuse and active mental illness at baseline, both of which have been associated with antiretroviral non-adherence in general [3, 17] . The significantly higher rate of discontinuation of one or more drugs in the antiretroviral regimen because of toxicity in the three-class strategy, and the greater frequency of differential adherence among these participants, suggest that regimen complexity or tolerability may be a factor in the frequency of differential adherence [20] . Regimen and drug-specific variables that may be risk factors for differential adherence in the FIRST study will be evaluated in subsequent ontreatment analyses.
A chief concern with differential adherence is that, in effect, individuals have periods of treatment with only one or two antiretroviral agents. It is known that mono and dual-therapy for HIV is associated with less durable virological responses and a greater incidence of antiretroviral resistance [6] [7] [8] . Therefore, we hypothesized that differential adherence and the extent of this behavior reported over time would be associated with virological failure and virological failure with antiretroviral resistance. The clear association between differential adherence and these two outcomes demonstrates that self-reported differential adherence is a clinically relevant pattern of non-adherence. The 'dose-response' association between differential adherence and virological failure with resistance further supports this hypothesis. Why this behavior appears more deleterious in patients randomly assigned to the three-class strategy is unknown. It may have to do with the magnitude of differential adherence or the drugs or drug classes that are less often taken.
Detailed analyses of other antiretroviral adherence patterns may prove useful, and there is ongoing research in this area [21] [22] [23] . How descriptions of patterns of non-adherence will influence future adherence research and interventions is unclear. For differential adherence, systematic interventions may be warranted because of the frequency of this behavior and the lack of demographic or clinical factors to predict its occurrence. Many current successful adherence intervention strategies rely on behavioral modification [20, 24] . For differential adherence it may be possible to develop a healthcare systemlevel intervention. The development and usage of new fixed-dose combination dosage forms containing all regimen components would make differential adherence impossible. Requiring all regimen components to be refilled in sync, with intervention targeting individuals Fig. 2 . Evaluation of the 'dose-effect' of differential adherence: adjusted hazard ratios for participants with differential adherence (once or more than once) compared with participants with no differential adherence in the Community Programs for Clinical Research on AIDS Flexible Initial Retrovirus Suppressive Therapies Study. * Differential adherence once; differential adherence more than once. CI, Confidence interval; Reference group is no differential adherence.
not requesting refills of all regimen components, may also be of benefit. Differential adherence exerts an independent effect on virological outcomes, and therefore future adherence intervention research may need to address both differential adherence and overall non-adherence.
A limitation of this analysis, the lack of an on-treatment assessment, will be addressed in future analyses of this study population. Other important limitations of this study are presented here. First, a Likert scale does not provide the fine detail that would allow a more precise calculation of the magnitude of the difference in the level of adherence between regimen components. We were thus unable to quantify the influence of the level of differential adherence on outcomes. Second, participants in clinical trials may differ from general clinic populations in a number of ways. It is, however, notable that differential adherence has now been documented among both clinical trials participants and a general clinical cohort. Third, differential adherence is not possible with regimens composed of a single fixed-dose combination dosage form, but we were unable to assess the impact of a completely co-formulated regimen in this study. Fourth, for the virological failure with resistance endpoint, the lack of baseline resistance testing for the entire population limited our ability to assess whether resistance mutations at first failure were new. Baseline resistance tests were, however, performed on stored samples for a random subset (N ¼ 491) of FIRST participants [25] . Of the 306 participants with genotypic resistance tests at both baseline and virological failure, 18 (6%) had definite drug resistance at baseline. Therefore, it is likely that most of the resistance documented at the time of virological failure among patients in this study was acquired resistance. Finally, previous reports suggest that self-reported adherence overestimates true adherence behavior. In summary, differential adherence was common among patients starting combination ART and was associated with the clinically relevant outcomes of virological failure and failure with drug resistance. Over longer periods of time this detrimental effect of differential adherence on virological outcomes is likely to translate into worse clinical outcomes, although this remains to be proven. Further research will be required to evaluate interventions to decrease differential adherence.
